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(57) Abstract 

The present invention is an insulating composite (10) comprising (a) a first thermally reflective layer (11) having a reflective surface 
(12) and an opposing surface (13) and (b) silica aerogel granules (17). The present invention further includes an insulating element in which 
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MULTILAYER INSULATION COMPOSITE 



TECHNICAL FIELD OF THE INVENTION 
The present invention relates to a multilayer 
5 insulation composite and, more particularly, a multilayer 
insulation composite containing silica aerogel granules. 



BACKGROUND OF THE INVENTION 
A common type of insulation used for cryogenic 
10 applications is multilayer insulation. Multilayer 

insulations typically consist of alternating layers of 
highly reflecting material, such as aluminum foil or 
aluminized mylar, and a low-conductivity spacer material 
or insulator, such as fiberglass mat or paper, glass 
15 fabric, or nylon net. Between twenty and forty such 
layers are commonly used for cryogenic applications 
including, for example, laboratory dewars, piping, on- 
site storage vessels, and tank trucks. In addition, 
multilayer insulations are advantageously kept under a 
20 high vacuum, thereby further enhancing the insulating 
properties of the multilayer insulations. Multilayer 
insulations have a very low thermal conductivity due to 
the fact that all modes of heat transfer - conductive, 
convective, and radiative - are minimized. The multiple 
25 layers of reflecting material have a low emissivity and, 
thereby, inhibit radiative heat transfer. Convective 
heat transfer is inhibited by lowering the pressure 
(i.e., creating a vacuum) between the insulation layers. 
Finally, the presence of spacer material inhibits 
30 conductive heat transfer through thermal short-circuits 
that might otherwise exist between the layers of 
reflecting material . 

Current multilayer insulations, however, are 
disadvantageous due to the need for complex vacuum 
35 pumping equipment to maintain the insulation in a highly 
evacuated environment. Typical multilayer insulations 
require vacuum levels on the order of 10~ 7 to 10 5 kPa (10 
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6 to 10~ 4 torr) to achieve suitable thermal performance. 
To sustain this low vacuum level, time consuming and 
expensive pumping and heating cycles are required as well 
as the addition of hydrogen and water getters/adsorbers. 
For some cryogenic applications, it would be advantageous 
to obtain similar thermal performance from the multilayer 
insulation at higher pressures in order to reduce costs 
associated with obtaining a vacuum. 

Therefore, it is an object of this invention to 
provide a multilayer insulation composite which exhibit 
satisfactory thermal performance in cryogenic 
applications under higher pressures. It is another 
object of this invention to provide a multilayer 
insulation composite which exhibits improved thermal 
performance in cryogenic applications at low vacuum 
levels. These and other objects and advantages of the 
present invention, as well as additional inventive 
features, will be apparent from the description of the 
invention provided herein. 

BRIEF SUMMARY OF THE INVENTION 
The present invention is an insulating composite 
comprising (a) a first thermally reflective layer having 
a reflective surface and an opposing surface and (b) 
silica aerogel granules. The present invention further 
includes an insulating element in which the insulating 
composite is disposed within an air-impermeable 
container . 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic cross-sectional side view of 
an illustrative insulating composite having first and 
second thermally reflective layers and silica aerogel 
granules therebetween in accordance with the present 
invention . 

FIG. 2 is an schematic cross-sectional side view of 
an illustrative insulating element comprising an 
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impermeable container and a multilayer insulating 
composite in accordance with the present invention. 

FIG. 3 is a graph illustrating the thermal 
performance of conventional foil-fiber paper and the 
present inventive foil-aerogel multilayer insulation 
composites at ambient temperature wherein the thermal 
conductivity k (W/mK) and R-value/inch is plotted against 
pressure . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention provides an insulating 
composite having a thermally reflective layer and silica 
aerogel granules. 

Any material that is effective in inhibiting 
radiative heat transfer can be used as the thermally 
reflective layer. Typically, such materials will have a 
polished or reflective surface. Also, the thermally 
reflective material typically will be in the form of a 
sheet or strip. Thus, the thermally reflective layer 
0 generally will have a reflective surface and an opposing 
surface. Suitable thermally reflective layers include, 
for example, aluminum foil and aluminized mylar. Other 
suitable thermally reflective layers include polyester, 
polyamide, polyimide, or polyolefin films having aluminum 
5 deposited on one or both surfaces of the film. Such 
thermally reflective polyester film is commercially 
available as aluminized mylar film. Other thermally 
reflective materials having a low emissivity, such as 
gold and silver, can be deposited instead of aluminum on 
0 the aforementioned substrates in certain applications. 
Preferably, the thermally reflective layer is a thin 
aluminum foil which is polished on one side. The 
thermally reflective layer can have any suitable 
thickness, preferably about 10-100 f^m. 
5 Any suitable silica aerogel granules can be used in 

the insulating composites of the present invention. The 
term "gel" refers to a coherent, rigid, continuous three- 
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dimensional network of colloidal particles. Gels are 
produced by the aggregation of colloidal particles 
(typically under acidic conditions when neutralizing 
salts are absent) to form a three dimensional gel 
5 microstructure. When a gel is dried (liquid removed from 
the pores) by means in which the coherent gel 
microstructure is preserved, such as by supercritical 
drying, a low density "aerogel" is formed. One suitable 
process for the production of silica aerogels is 
10 described in U.S. Patent 3,122,520 (Lentz). Silica 

aerogels have highly desirable properties such as, for 
example, optical transparency, extremely low density, and 
very low thermal conductivity. Because of its low 
thermal conductivity, silica aerogels are advantageously 
15 utilized in the insulating composites discussed herein. 
The silica aerogel granules can have any suitable 
diameter, preferably about 50-500 M-m. In addition, the 
silica aerogel granules can have any suitable density, 
preferably about 0.05-0.15 g/cm 3 , and/or surface area, 
20 preferably at least about 200 m 2 /g. The surface area is 
calculated based on the amount of nitrogen adsorbed at 
five different relative pressures over the range 0.05 to 
0.25 according to the Brunauer-Emmett-Teller (BET) model, 
which is referenced in Gregg, S.J. and Sing, K.S.W, 
25 "Adsorption, Surface Area and Porosity," p. 285, Academic 
Press, New York (1991) . 

The insulating composite of the present invention 
can further include additional thermally reflective 
layers, e.g., second, third, fourth, etc. thermally 
30 reflective layers. The above discussion of the "first" 

thermally reflective layer is equally applicable to these 
additional (e.g., "second," "third," "fourth," etc.) 
thermally reflective layers. The additional thermally 
reflective layers can be constructed of the same or 
35 different material, and in the same or different manner, 
as the first thermally reflective layer. In a preferred 
embodiment, all of the thermally reflective layers (e.g., 
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the first and second thermally reflective layers) are 
aluminum foil. 

In one embodiment of the present invention, the 
insulating composite comprises a first thermally 
5 reflective layer and silica aerogel granules. The 

opposing surface of the first thermally reflective layer 
preferably is adjacent to the silica aerogel granules. 

In another embodiment, the insulating composite 
comprises two or more thermally reflective layers and 
10 silica aerogel granules. The silica aerogel granules 
preferably are positioned between the thermally 
reflective layers. In this embodiment, the opposing 
surface of the first thermally reflective layer and the 
reflective surface of the second and subsequent thermally 
15 reflective layers preferably are adjacent to the silica 
aerogel granules. 

The present invention is further described with 
reference to the accompanying drawings. 

In FIG. 1, an insulating composite 10 is shown 
20 having a first thermally reflective layer 11 with a 

reflective surface 12 and an opposing surface 13 and a 
second thermally reflective layer 14 having a reflective 
surface 15 and an opposing surface 16. Aerogel granules 
17 are located between the first thermally reflective 
25 layer 11 and the second thermally reflective layer 14. 
In this embodiment, the reflective surface 15 of the 
second thermally reflective layer 14 and the opposing 
surface 13 of the first thermally reflective layer 11 are 
adjacent to the aerogel granules 17. 
30 The aerogel granules in the present invention can be 

either loosely held in place by one or more thermally 
reflective layers of the insulating composite or adhered 
to the thermally reflective layers. Preferably, the 
aerogel granules are adhered to the opposing surface of a 
35 thermally reflective layer. 

The aerogel granules can be adhered to the surface 
of a thermally reflective layer by any suitable means. 
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Preferably, a binder adheres the aerogel granules to the 
thermally reflective layer. A wide range of binders are 
suitable to adhere the aerogel granules. Inorganic 
binders are preferred, particularly sodium silicate. In 
5 adhering the aerogel granules, the binder is applied to 
one of the surfaces of the thermally reflective layer 
(preferably the opposing surface thereof) , and aerogel 
granules are subsequently placed in contact with the 
binder. Alternatively, the aerogel granules and binder 
10 are mixed and then coated on the surface of the thermally 
reflective layer. The coating of the aerogel 
granules/binder mixture can be conducted using any 
suitable coating technique. 

The thermal performance of the insulating composite 
15 of the present invention can be tailored over a wide 

range depending upon the extent of aerogel coverage. For 
example, if one desires to obtain advantageous thermal 
performance at higher pressures (e.g., above about 10~ 3 
kPa or about 10~ 2 torr) , the aerogel granules cover 
20 preferably at least about 50% of the surface area of a 
surface of the thermally reflective layer, more 
preferably at least about 90% of the surface area of a 
surface of a thermally reflective layer, and most 
preferably all or substantially all of the surface area 
25 of a surface of a thermally reflective layer. For better 
thermal performance at lower pressures (e.g., below about 
10" 3 kPa or about 10~ 2 torr) , the aerogel granules cover a 
smaller fraction of the surface area of the thermally 
reflective layer. Thus, at lower pressures (e.g., below 
30 about 10~ 3 kPa or about 10" 2 torr) , preferably less than 

about 50% of the surface area of one of the surfaces of a 
thermally reflective layer is covered with aerogel 
granules. More preferably, aerogel granules cover at 
least about 20% of the surface area of a surface of a 
35 thermally reflective layer at lower pressures and, most 
preferably, at least about 10% of the surface area of a 
surface of a thermally reflective layer. 
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Other additives can be present in the insulating 
composite of the present invention. For example, 
hydrogen and water getters can be used. As with the 
silica aerogel granules, these additional components can 
5 b e either loosely present in the insulating composite 
between one or more thermally reflective layers or 
adhered to one or more thermally reflective layers. One 
suitable method of incorporating such additives into the 
inventive insulating composite is to mix the additives 

10 with the silica aerogel granule/binder feed to a suitable 
coating machine which then applies the composition to the 
surface of one or more thermally reflective layers. 

In order to facilitate the binding together of the 
layers and/or to provide a measure of protection to the 

15 thermally reflective layers, outer or cover layers can be 
used in conjunction with the present inventive insulating 
composite, e.g., placed on the surfaces of opposite sides 
of the insulating composite. Such cover layers are 
optional . 

20 An insulating composite having a single thermally 

reflective layer or multiple thermally reflective layers 
can be used to insulate various items. The insulating 
composite of the present invention can be applied 
directly to the surface for which insulation is desired. 

25 For example, the insulating composite can be placed 

directly on the outer surface of dewars, piping, storage 
tanks, and tank trucks. Multiple sheets of strips of 
insulating composite having a single thermally reflective 
layer can be applied to produce a multilayer insulating 

30 composite. Alternatively, sheets or strips of the 

inventive insulating composite can be wrapped around the 
surface to be insulated, such as pipes or tanks. 
Separate individual sheets or strips can be used to wrap 
surfaces or one continuous sheet or strip can be wound 

35 around surfaces such that the insulating composite has a 
spiral-shaped configuration . 
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Alternatively , the insulating composite can be 
placed in a suitable container, preferably an air- 
impermeable container, to form an insulating element. 
The insulating element containing the insulating 
5 composite is applied to the outer surface of the 

particular item requiring insulation. The container also 
can have suitable dimensions to contain both the 
insulating composite and the item requiring insulation 
itself . 

10 Depending upon the particular application, the 

reflective surface of the thermally reflective layer can 
face toward or away from the surface to be insulated. In 
multilayer insulating composites having more than one 
thermally reflective layer, all of the reflective 
15 surfaces preferably face the same direction. In 

applications where it is desired to keep a surface at a 
cooler temperature than the surrounding environment 
(e.g., cryogenic applications), the reflective surfaces 
preferably face away from the cooler surface. This 
20 configuration minimizes radiative heat transfer from the 
warmer environment to the cooler surface. Alternatively, 
in applications where it is desired to keep a surface at 
a warmer temperature than the surrounding environment 
(e.g., process piping for hot fluids), the reflective 
25 surface preferably face toward the warmer surface. This 
configuration minimizes radiative heat transfer from the 
warmer surface to the cooler environment. 

The use of an air-impermeable container permits the 
insulating composite disposed within to be subjected to a 
30 pressure below atmospheric pressure which results in the 
reduction of heat transfer by conduction. The lower 
pressure is attained by establishing a vacuum within the 
air-impermeable container which can be done using 
conventional vacuum equipment. The pressure within the 
35 air-impermeable container can be about 10 kPa (100 torr) 
or less, preferably about 0.1 kPa (1 torr) or less, and 
most preferably about 10" 3 kPa (10~ 2 torr) or less. 
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The insulating composite of the present invention as 
disposed within a container to form an insulating element 
is shown in FIG. 2. The insulating element 20 comprises 
a multilayer insulating composite within the interior 
cavity 21 of an air-impermeable container 22. The 
multilayer insulating composite comprises successive 
layers of a thermally reflective material 23 having a 
reflective surface 24 and an opposing surface 25. The 
layers of thermally reflective material 23 are separated 
by silica aerogel granules 26. The spacing between the 
thermally reflective layers 23 is fixed by the diameter 
and quantity of aerogel granules. Because radiant-heat 
transfer is inversely proportional to the number of 
thermally reflective layers and directly proportional to 
the emissivity of these layers, radiation is minimized by 
using multiple layers of a low-emissivity thermally 
reflective material. 

The insulating composite and insulating element of 
the present invention are suitable for use as insulators 
in a wide variety of applications over a wide variety of 
temperatures. For example, the inventive insulating 
composite can be used for cryogenic applications such as 
laboratory dewars, process piping, storage vessels, and 
tank trucks. Additionally, the insulating composites 
disclosed herein can be used in superconducting magnet 
applications as disclosed in U.S. Patent 5,143,770. In 
addition to cryogenic applications, insulating composites 
and insulating elements of the present invention can be 
used in extremely high temperature applications such as, 
for example, aerospace vehicles, firemen's suits, and 
industrial tools. 

The following example further illustrates the 
present invention but, of course, should not be construed 
as in any way limiting its scope. 



WO 99/36725 



10 



PCT/US99/00164 



EXAMPLE 

This example illustrates the superior insulating 
capabilities of the present inventive insulating 
5 composite as compared to a conventional insulating 
composite . 

Three different insulating composites are prepared 
using a first thermally reflective layer comprising 
aluminum foil and a spacer material. The three 
10 insulating composites are referred to as follows: (1) 

foil/fiber paper, (2) foil/silica aerogel granules (high 
coverage) , and (3) foil/silica aerogel granules (low 
coverage) . The thermally reflective layer in these three 
insulating composites is identical (e.g., identical 
15 material and thickness) . The only difference between the 
three structures is the spacer material. In the first 
composite, a fiber paper material is used. In the second 
and third composites, silica aerogel granules having a 
500 M-m diameter and a density of 0.1 g/cm 3 are used. The 
20 silica aerogel granules in the high coverage model cover 
100% of the opposing surface of the foil layer. The 
silica aerogel granules in the low coverage model cover 
10% of the opposing surface of the foil layer. 

The predicted thermal performances for these three 
25 insulating composites were determined for a variety of 
pressures ranging from a good vacuum to atmospheric 
pressure using computer modeling. See Fricke et al . , 
Int. J. Heat Mass Transfer, 35, 2305 (1992); Hrubesh and 
Pekala, J. Mater. Res., 9, 731 (1994), Zeng et al . , J. 
30 Non-Cryst. Solids, 186, 264 (1995) . The thermal 

conductivities for these three insulating composites are 
plotted in FIG. 3. Specifically, this figure plots the 
predicted change in thermal conductivity k (W/mK) and R- 
value/inch as a function of pressure for ambient 
35 temperature performance. The thermal conductivity k 
(W/mK) and R-value/inch is plotted along with Y-axis, 
while pressure is plotted along the X-axis. 
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From this graph of predicted thermal performance, 
the foil/silica aerogel granules (low coverage) 
insulating composite exhibits better thermal performance 
than the other two insulating composites at pressures 
below about 10" 3 kPa (10" 2 torr) . The foil/silica aerogel 
granules (high coverage) insulating composite exhibits a 
thermal performance roughly similar to the thermal 
performance of the foil/fiber paper insulating composite 
at pressures between about 10" 3 kPa (10~ 2 torr) and about 
0.1 kPa (0.8 torr). The foil/silica aerogel granules 

(high coverage) insulating composite exhibits superior 
thermal performance as compared to the other two 
insulating composites at pressures above about 0.1 kPa 

(0.8 torr) . 

Thus, various embodiments of the present inventive 
insulating composite are expected to exhibit thermal 
performances which are superior to that of equivalent 
conventional insulating composites in a wide range of 
environments . 

All of the references cited herein are hereby 
incorporated in their entireties by reference. 

While this invention has been described with an 
emphasis upon preferred embodiments, it will be obvious 
to those of ordinary skill in the art that variations of 
the preferred embodiments may be used and that it is 
intended that the invention may be practiced otherwise 
than as specifically described herein. Accordingly, this 
invention includes all modifications encompassed within 
the spirit and scope of the invention as defined by the 
following claims. 
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1. An insulating composite comprising 

(a) a first thermally reflective layer having a 
reflective surface and an opposing surface and 

(b) silica aerogel granules. 

2. The insulating composite of claim 1, further 
comprising a second thermally reflective layer having a 
reflective surface and an opposing surface. 

3. The insulating composite of claim 2, wherein 
said silica aerogel granules are located between said 
first thermally reflective layer and said second 
thermally reflective layer. 

4. The insulating composite of claim 3, wherein 
the reflective surface of said second thermally 
reflective layer is adjacent to said silica aerogel 
granules . 

5. The insulating composite of claim 4, wherein 
said silica aerogel granules are adhered to the opposing 

0 surface of said first thermally reflective layer. 

6. The insulating composite of claim 4, wherein 
said silica aerogel granules are adhered to the 
reflective surface of said second thermally reflective 
layer . 

5 7. The insulating composite of claim 4, wherein 

said silica aerogel granules are adhered to the opposing 
surface of said first layer and the reflective surface of 
said second thermally reflective layer. 

8. The insulating composite of claim 2, wherein 
0 said first and second thermally reflective layers are 

aluminum foil. 

9. The insulating composite of claim 5, wherein 
said silica aerogel granules cover at least about 50% of 
the surface area of the opposing surface of said first 

5 thermally reflective layer. 

10. The insulating composite of claim 9, wherein 
said silica aerogel granules cover at least about 90% of 
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the surface area of the opposing surface of said first 
thermally reflective layer. 

11. The insulating composite of claim 10, wherein 
said silica aerogel granules cover substantially all of 

5 the surface area of the opposing surface of said first 
thermally reflective layer. 

12. The insulating composite of claim 5, wherein 
said silica aerogel granules cover less than about 50% of 
the surface area of the opposing surface of said first 

0 thermally reflective layer. 

13. The insulating composite of claim 12, wherein 
said silica aerogel granules cover at least about 20% of 
the surface area of the opposing surface of said first 
thermally reflective layer. 

5 14. The insulating composite of claim 13, wherein 

said silica aerogel granules cover at least about 10% of 
the surface area of the opposing surface of said first 
thermally reflective layer. 

15. The insulating composite of claim 1, wherein 
20 said silica aerogel granules have a density of about 0.1 

g/cm 3 or less. 

16. The insulating composite of claim 1, further 
comprising an inorganic binder. 

17 . An insulating element comprising an air- 

25 impermeable container and the insulating composite of 
claim 1 disposed therein. 

18. The insulating element of claim 17, wherein the 
pressure within said container is about 10 kPa or less. 

19. The insulating element of claim 18, wherein the 
30 pressure within said container is about 0.1 kPa or less. 

20. The insulating element of claim 19, wherein the 
pressure within said container is about 10 kPa or less. 

21. The insulating element of claim 17, further 
comprising one or more additional thermally reflective 

35 layers separated from each other by a layer of silica 
aerogel granules . 
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